The college transition represents a critical period for maintaining a healthy weight, yet intervention participation and retention represent significant challenges. The objective of this investigation was to evaluate the preliminary efficacy and acceptability of two interventions to prevent freshman weight gain. One intervention provided opportunities to improve outcome expectations and self-efficacy within a social cognitive theory framework (SCT), while the other targeted the same variables but focused on explicit training in self-regulation skills (SCTSR). Methods. Freshmen (n = 45) aged >18 years were randomized to a 14-week intervention, SCT or SCTSR; both included online modules and in-class meetings. Of the 45 students randomized, 5 withdrew before the classes began and 39 completed pre-and posttesting. Primary outcomes included body weight/composition, health behaviors, and program acceptability. Analyses included independent sample t-tests, repeated measures ANOVA, and bivariate correlational analyses. Results. Body weight increased over the 14-week period, but there was no group difference. Percent body fat increased in SCTSR but not SCT (mean difference: SCTSR, +1.63 ± 0.52%; SCT, −0.25 ± 0.45%; P = 0.01). Class attendance was 100% (SCTSR) and 98% (SCT); SCTSR students (>50%) remarked that the online tracking required "too much time." Conclusions. The intervention was well received, although there were no improvements in weight outcomes.
Introduction
It has been estimated that the average American adult gains ∼0.9 kg annually [1] . Young adults attending college demonstrate an even greater trajectory of weight gain (i.e., 1.8-4.1 kg) [2] [3] [4] [5] . Importantly, weight gain, rather than initial weight status, leads to adverse changes in cardiovascular disease risk factors and the metabolic syndrome among young adults [6] . Given the large number of young adults attending college or university each year and the health implications of weight gain in this population, the early college years appear to be a critical period for promoting weight management.
Prior research in college students using qualitative interviews and focus groups indicated that, during high school, healthy meals and regular exercise were part of a student's routine, but these positive health behaviors appear to decline during the transition to college [7] . Thus, weight gain prevention efforts targeting this population should not only provide education on healthy diet and physical activity behaviors, but also instill skills in goal setting, planning, and self-monitoring, while incorporating social and environmental support to facilitate adherence and maintenance of healthy behaviors [7] . In the young adult population, low-intensity (i.e., limited or no intervention contact such as monthly phone calls or newsletters) and knowledge-only approaches that do not include recommendations for energy intake reduction do not appear to be effective in preventing weight gain [8] [9] [10] . High-intensity (i.e., frequent contact: 5 sessions/week for 16 months [11] ; twice weekly for 15 weeks [12] ; twice per month for two months, monthly thereafter for two years [13] ) interventions that include regular group sessions or supervised exercise have been successful in producing weight maintenance in this population; however, high-intensity approaches require significant time for both participants and program staff, and extensive program resources. Previous interventions in this area have also focused on daily weighing without nutrition or physical activity education [14] , increasing physical activity without including a dietary component (Project GRAD) [8] , and short-term (6-week) social cognitive theory-based internet-based education and feedback addressing healthy eating and exercise [15] . Gow et al. [15] reported that an internet behavioral intervention combined with weight and caloric feedback was successful in maintaining body mass index (BMI) in college freshmen; however, this study was conducted over a short-time period and had overall retention rates of 68.6%. Longer-term effects of the intervention on weight gain were not evaluated. Internet-based interventions promoting weight gain prevention that include social cognitive determinants have been successful in other populations such as high-school females [16] and middle-aged adults [16, 17] . However, specific challenges that must be addressed in developing weight management interventions for the young adult population include program participation and retention [18, 19] . Formative work in this population revealed that academic course credit and monetary incentives would increase student's interest in an intervention program [7] . Previous investigations that have offered course credit as an incentive have differed in course content and intervention protocol. Matvienko et al. [10] enrolled female college freshmen into one of two groups: a nutrition science course or a control group (no course). Neither group experienced weight changes throughout the 16-month study so weight outcomes could not be attributed to the intervention alone. Sallis et al. [20] enrolled university seniors in one of two courses for credit: a physical activity intervention focusing on methods of behavioral self-management or a knowledgeoriented control course. This intervention focused primarily on physical activity measures alone without a nutritional component, and weight management outcomes were not assessed. These studies suggest that course credit offered as an incentive may increase initial participation rates within this population, but the effect on weight outcomes is unknown. While monetary incentives may improve participation rates [21] and weight management outcomes in the general adult population [22] , this intervention component has not been evaluated in college-aged adults.
A number of studies described above used a social cognitive theory-based intervention that focused on promoting positive outcome expectations and self-efficacy, to varying results [8, 13, 15] . To our knowledge, an intervention targeting weight gain prevention among college freshman, which includes strategies aimed at instilling individual self-regulation (e.g., self-monitoring, goal setting, modest financial incentives as feedback), as well as physical and social environmental support for healthy lifestyle behaviors, has not been conducted. Further, these self-regulation strategies when combined with intervention content that targets outcome expectations and self-efficacy could possibly be the key to intervention success [23, 24] . Therefore, the purpose of this investigation was to evaluate the feasibility, acceptability, and preliminary efficacy of a moderate-intensity, social cognitive theory-based intervention utilizing the internet and in-class sessions that would incorporate these selfregulation components to prevent weight gain in college freshmen and to compare this intervention approach to a social cognitive theory-based approach with a similar amount of contact, but without an explicit focus on selfregulation skills.
Methods

Subject Characteristics.
Normal weight, overweight, or obese (body mass index [BMI] 18-40 kg/m 2 ) first-time freshmen living on campus were recruited from three dormitories on the university campus. Recruitment took place during freshman "Move-In" (i.e., the week prior to the onset of Fall semester classes). Both active and passive recruitment methods were used. Active methods included enlisting resident advisors (RAs) from each dormitory to personally invite residents to attend a group information recruitment session led by the study coordinators (ED, KP). RAs were enlisted using email advertisements sent to dormitory supervisors, and RA recruitment incentives were used to both recruit and retain study participants. Those successful in recruiting residents who completed baseline and posttesting were compensated $10 per resident. Passive recruitment methods included posting study fliers in dormitories and word-of-mouth.
Individuals were excluded if they were <18 years of age or if they reported a history of eating disorders or major chronic disease (diabetes, hypertension, heart, lung, or kidney disease). There was no upper age limit for participation, although students were required to be firsttime college freshmen who had recently graduated from high school. Students with extreme obesity (BMI > 40 kg/m 2 ) were ineligible due to the weight and size limit of the dualenergy X-ray absorptiometer (DXA) table and due to clinical obesity treatment guidelines which recommend substantial weight loss [25] . The study protocol was approved by the university's Institutional Review Board, and all participants provided written informed consent prior to study enrollment. Students were informed that the purpose of the study was to determine the effectiveness of two weight control programs developed for college freshmen.
Protocol
Initial Screening Procedures and Baseline
Assessments. An overview of the study protocol is provided in Figure 1 . Individuals meeting enrollment criteria completed baseline laboratory assessments, which included measurement of height, weight, body composition, and habitual dietary intake and physical activity level. Height was measured in centimeters without shoes using a wall-mounted stadiometer, and body weight was measured to the nearest 0.1 kg using a digital scale with participants wearing light clothing (shorts, t-shirt) and no shoes (Scale-Tronic model 5002, Wheaton, IL). Percentage body fat, absolute fat mass, and fat-free mass were measured using DXA (GE Lunar Prodigy; GE Healthcare, Madison, WI); this unit is able to precisely determine lean body mass (root mean squared error value of 0.24 kg) [26] . Habitual dietary intake was assessed using the average of three multiple pass 24-hour recalls; the multiple pass recall method is able to determine energy intake to within 8-10% of actual energy intake in both men and women [27, 28] . The first recall was done in person at the laboratory session, and the second and third were done via telephone; recalls were collected within a two-week period by a trained research assistant. Participants were provided with two-dimensional food models to assist in portion size determination. Recalls were analyzed using dietary analysis software (NDS-R 4.05; University of Minnesota, Minneapolis, MN). Habitual physical activity was measured in minutes per week of mild, moderate, and strenuous activity, as well as hours per weekday/weekend day of sedentary activity using a measure that has demonstrated validity, reliability, and sensitivity to change when compared to objective measures [29] . Participants also completed a Health Beliefs Survey; this questionnaire assesses social cognitive theory determinants of diet and physical activity behaviors and has adequate to high internal consistencies (Cronbach's α = 0.68-0.90) [17] .
Intervention Period.
Following completion of baseline assessments, students were randomly assigned to either a social cognitive theory-based (SCT) or a social cognitive theory plus self-regulation skills training-based (SCTSR) 1-credit Pass/Fail course and were enrolled during the fall semester of 2009. Of the 45 students randomized to the courses, only 2 students knew each other (they were randomly assigned to separate groups). Both courses provided an equal number of online modules and biweekly in-class sessions (50 min/session) with an instructor (M.S. or Ph.D.-level graduate student in nutrition/exercise science), which lasted throughout the 14-week semester. Students in each course received equal amounts of in-person contact with the course instructor. Each module was followed by completion of a required in-class quiz. The SCT course modules ( Figure 1 ) focused on outcome expectations by providing knowledge about healthy eating, physical activity, and their benefits; in-class sessions reinforced outcome expectations and focused self-efficacy through physical activity and nutrition lessons and experiential activities. The SCTSR course modules provided information about healthy eating and benefits of physical activity (Figure 1 ) but included selfregulation features. Our approach to self-regulation was based the conceptualization that it includes three general categories-self-monitoring (and the social and cognitive conditions under which one engages in self-monitoring), goal setting, and enlisting self-motivating supports and incentives to sustain health behaviors [30] . Specifically, course content and modules included information to assist students with planning and tracking, sample meal plans using foods available at university dining facilities as well as off-campus fast food restaurants, sample workout plans that could be followed at on-campus fitness facilities, and weekly emails that provided information on focused on selfregulation strategies related to diet and physical activity behaviors. For example, email content focused on selfregulatory skills related to portion control, tracking eating behaviors such as fruit/vegetable consumption, and selfmonitoring of physical activity. The SCTSR course utilized an online Internet-based tracking program entitled "411Fit" (411Fit, UNC Charlotte, Charlotte, NC) to log daily diet/activity behaviors. To receive a passing grade for the selfregulation component of the course (15% of total grade), SCTSR students were required to complete online diet and physical activity tracking for at least 70% of total number of assigned days, as follows: two weeks in month 1, one week per month in months 2-4 (i.e., 25 of 35 assigned days). In addition to encouraging the development of planning and tracking skills, in-class sessions included content on goal setting and overcoming barriers to healthy eating and performing physical activity. During the class sessions and following each of the assignments that encouraged selfregulation skills, participants were provided with feedback on their progress and encouraged to make appropriate changes to their goals and planning strategies based on degree of successful attainment. Participants in the SCTSR course were also offered monetary incentives for maintaining their body weight (or for maintaining body fat, if weight increased due to lean mass gains) throughout the semester. This incentive was used as a reflection of self-motivating incentives based upon our preliminary qualitative work where college students indicated that financial incentives would be motivational [7] . It could also be argued that incentives align with outcome expectations and may have been an appropriate component for the SCT intervention arm. However, the alignment of incentives with goal setting and feedback (clear self-regulatory strategies) would have resulted in SCT participants explicitly setting goals thereby minimizing the difference between conditions. SCTSR participants were weighed monthly during a brief, 10-minute laboratory session ( Figure 1 ) and offered $5, $10, and $15 for weight maintenance at months 1, 2, and 3, respectively, for a total of $30 if individuals maintained weight during the entire semester and attended each monthly weigh-in. These modest incentives were intended to align with the goal of weight gain prevention as a method to provide timely feedback and encourage continued attention to the goal.
Posttesting.
Following the intervention at the end of the semester, participants repeated baseline measurements (body weight and composition, three 24-hour food intake recalls, self-reported physical activity level, Health Beliefs Survey). All participants were compensated $20 if they completed both pre-and posttesting measurements. Participants were also asked to disclose friends or other known acquaintances prior to starting the intervention who were in a different group to assess possible contamination, and they completed an online open-ended survey at the end of the semester to evaluate the acceptability of intervention features and overall course experience.
Statistical Analyses.
Baseline group demographic characteristics were assessed using independent sample t-tests for continuous variables and chi-square tests for frequency variables (gender) (SPSS versus 12.0 for windows, SPSS Inc, Chicago, IL). Repeated measures ANOVA were used to assess group and time differences for subjects completing the intervention. Associations among variables were assessed by simple bivariate correlational analyses (Pearson's r). Due to the sample size and exploratory nature of the trial, we set an a priori level of significance at P < 0.10.
Results
Baseline Characteristics.
A total of 45 students were enrolled in the study, completed baseline testing, and were randomized into one of the two intervention groups. Of those, 5 students withdrew from the course prior to the first class meeting causing them to be ineligible for the study. At the end of the semester, 39 students had completed the intervention and all pre-and posttesting measurements ( Figure 1 ). Baseline sample and group demographics are shown in Table 1 . The majority of participants were white (77%), and remaining participants were Asian or Pacific Islander (n = 4) and "other" (n = 6). Groups were not different with respect to gender (χ 2 = 0.95, df = 1, P = 0.33); the only baseline group difference was in minutes/week of strenuous physical activity (Table 2 ) and positive physical activity outcome expectations (Table 3) .
3.2.
Intervention. Body composition, dietary energy intake, and physical activity variables across groups at baseline and week 14 are presented in Table 2 . Weight increased in both groups, but there was no group difference in body weight over the intervention period (mean difference: SCTSR, +1.75 + 0.40 kg; SCT, +0.95 + 0.43 kg; P = 0.18). Percent body fat increased in the SCTSR group but not in the SCT group (mean difference: SCTSR, +1.63 + 0.52%; SCT, −0.25 + 0.45%; P = 0.01); however, there were no group differences over time in BMI change (SCTSR, +0.58 + 0.13 kg/m 2 ; SCT, +0.31 + 0.15 kg/m 2 ; P = 0.18) and absolute fat mass change (SCTSR: −0.57 + 1.78 kg; SCT: −0.01 + 0.40 kg; P = 0.74). For the online tracking, 100% of the SCTSR participants were successful in tracking diet and physical activity behaviors at least 70% of the assigned days (25 of 35 assigned days). With regard to incentives for weight (or body fat) maintenance, five of the 18 SCTSR (∼28%) participants received monetary incentives after the 14-week intervention. All who received monetary incentives were male. There were no changes over time or between groups in total dietary energy intake, macronutrients, or total dietary energy density (Table 2) . Moderate and strenuous physical activity significantly declined over time; this decline was greater in the SCTSR than SCT group (Table 2 ). There were no changes in level of sedentary activity.
Questionnaire scores for social cognitive theory determinants of eating and physical activity behaviors are provided in Table 3 . At baseline, students seldom (score of 2 = seldom) used dietary strategies to regulate their energy and fat intake or plan/track their food intake, but following the intervention occasionally (score of 3 = occasionally) used dietary strategies to regulate their energy and fat intake or plan/track their food intake. As expected, increases were noted in positive diet and physical activity outcome expectations, but there were no group differences. Changes in clinical laboratory measures of body composition, habitual dietary intake, and physical activity were associated (all P < 0.05) with changes in respective SCT determinants of eating and physical activity behaviors. Specifically, changes in positive dietary outcome expectations were correlated with changes in body fat mass (kg) (r = −0.57). Changes in the dietary strategy of regulating energy intake and fat were correlated with changes in dietary energy intake (r = −0.50) and dietary energy density (r = −0.46). Change in physical activity self-regulation strategies was associated with percent body fat and changes in strenuous physical activity (r = −0.34 and r = 0.35, resp.). Finally, the change in self-efficacy for overcoming barriers to physical activity was correlated with changes in strenuous physical activity and the combination of moderate and strenuous physical activity (r = 0.41 and r = 0.44, resp.).
Overall class attendance for the SCTSR course and the SCT course was 100% and 98%, respectively, and overall module quiz grades were 92% and 87%, respectively. Course instructor evaluations (rated on a scale of 1-4; 1 = poor, 4 = excellent) for each course were a mean of 3.3 and 3.7 for SCTSR and SCT courses, respectively. The results of the open-ended intervention evaluation survey, which addressed intervention acceptability, are presented in Table 4 . General responses suggested that the majority of students enjoyed each course and that students would have preferred to meet more frequently throughout the semester. However, during in-class sessions, >50% of students in the SCTSR class remarked to the instructor that the required online tracking (411fit) was excessive in terms of time required.
Discussion
Among young adults (aged 18-25 years), the college transition represents a critical period for establishing and maintaining a healthy weight [19] . Yet the challenges of recruiting young adults to participate in weight management interventions and in retention rates have been recognized [18, 19] . The purpose of this investigation was to evaluate the feasibility, acceptability, and preliminary efficacy of two moderate-intensity interventions created to prevent weight gain in college freshmen. An additional purpose was to compare this SCTSR intervention to an SCT program that lacked an explicit focus on self-regulation skills. Although recruitment and retention did not represent significant problems in this investigation, the intervention was unsuccessful in preventing weight gain over the 14-week period. Previous studies have demonstrated yearly average weight gains of 1.8-4.1 kg [2] [3] [4] 31] , and if students in this investigation continued to gain weight at the same rate, they would be within that range by the end of their first year in college. Although there was no group difference in weight gain over the 14-week period, the SCT intervention group maintained relative (i.e., %) and absolute fat mass as compared to the SCTSR group. Students enrolled in the SCTSR course expressed to instructors that they believed the course required more time and effort than would be expected for a one-credit course, which may have contributed to the lack of positive weightrelated outcomes. Consistent with this possibility, one student in the SCTSR course discontinued the study because of the time commitment required. In contrast, the students in the SCT course reported that they associated the class with "having fun" and requested items such as daily meal plans to help them reach their goals. In addition, the openended survey results suggested that students would have benefited from additional in-class sessions. This intervention did not include pre-and postintervention nutrition and physical activity knowledge tests. Instead, biweekly quizzes were utilized to evaluate compliance with completing online class modules. As this was part of a for-credit course, students may have focused more on completing course requirements and tracking/homework assignments instead of utilizing the weight gain prevention skills for their own benefit and health. Overall, both approaches appeared acceptable in that both groups had high class attendance and quiz grades, favorable course and instructor ratings, and very low attrition (i.e., one dropout). Indeed, relative to retention in other similar studies, both SCTSR and SCT were very high [13, 15] . It is unclear whether these high retention rates may be attributed to the incentive of course credit. Students were informed of university policies related to maintaining full-time status prior to enrollment to allow students the opportunity to discontinue the study if they decided to withdraw from the course. If so, this may have limited the initial enrollment numbers. On the other hand, five students were enrolled in the course but discontinued the study prior to the first class session, and subsequent retention rates were high. Previous studies utilizing the incentive of academic credit report varying retention rates. Matvienko et al. reported higher retention rates for the duration of the course but failed to retain subjects for follow-up testing [10] , whereas Sallis et al. experienced a 53% and 25% dropout rate in the first and second semesters, respectively [20] . Identifying effective weight management intervention approaches for this population continues to be a challenge. Short-term interventions (six-16 weeks) aimed at preventing weight gain in young adults have reported positive outcomes using both small-and large-change self-regulation interventions [32] and a theory-based online intervention combined with email feedback [15] . Retention rates were relatively high (∼80%) in the combined intervention group of the latter investigation [15] , although the study duration was relatively brief (i.e., six weeks). One longer-duration educational/behavioral intervention study which utilized small-group seminars for first-and second-year college students reported favorable outcomes; compared to the control condition, body weight in the intervention group was 1.3 kg lower after two years [13] . Study retention rate in this investigation was 83%; however, the study population consisted of health science majors, who may not be representative of the general college student population.
Prior work in college students indicated that both monetary incentives and academic course credit would increase student's interest in participating in a program aimed at improving weight-related health behaviors [7] . As a component of interventions aimed at improving health behaviors, monetary incentives appear to have beneficial effects on weight management outcomes in the general adult population over a six-to 18-month-time period [22] .
However, the effectiveness of incentives to improve weight management outcomes within special populations groups, such as economically disadvantaged individuals or collegeaged adults, is not known. The findings of this investigation do not suggest that a moderate intensity SCTSR intervention which includes monetary and academic (i.e., course credit) incentives will prevent weight gain among college freshmen.
Although our interventions were unsuccessful in preventing weight gain, there are several strengths that should be noted. Measures of both weight and body composition (DXA) were included, as opposed to weight alone or BMI. In young adult males, body composition may be a more appropriate outcome variable than body weight alone as growth may still be taking place; the DXA assesses fat mass and fat-free mass, both of which may contribute to body weight gain. The increase in fat-free mass over time (Table 2) provides support for this point.
Inclusion of the open-ended intervention course survey provided valuable (and largely positive) feedback, attendance was high and attrition was minimal in both intervention courses, knowledge gains were demonstrated as suggested by the high quiz grades, and instructor ratings were in the "good" to "excellent" range. A final strength is that the course format was designed and delivered in a way that could be duplicated and disseminated to other universities, through the use of online components/modules and structured in-class sessions.
This study is limited by a small sample size and short study duration. Thus, we are unable to extrapolate the findings beyond our sample or to address the degree to which body composition changes were sustained over a 8 Increased awareness of daily food intake (4) Increased awareness of healthy campus options and food intake (9) Helped with daily food intake choices (2) Improved my physical activity and healthy eating behaviors (4) It obsessed over it (1) I learned different activities for exercise (1) Made me realize eating healthy is not that hard (1) How would you change the class to make it more meaningful for future freshmen?
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Make the class sessions more interactive (1) Increase number of class sessions throughout the semester (4) Increase number of class sessions throughout the semester (1) Include tracking behaviors or sample meal plans and workouts (3) Include more detail and emphasis on adverse health risks of obesity and physical inactivity (1) Make the class sessions more interactive to engage students (3) "Teach people to slowly incorporate more and more healthy habits that fit into their schedule. Do not make drastic changes. Do not fill up on high volume, low calorie foods or fake sweeteners like this class tells you to. They fake-out your body and your body will not like it" (1) Class is adequate the way it is (3)
Make logging physical activity part of participation (1) Increase physical activity (1) Please provide any other general comments: Fun class/enjoyed experience (2) Great class/enjoyed experience (5) Teaches unhealthy/over obsessive eating habits (1) Liked the class and instructors (2) Tracking weight gain was interesting (1) Keep the class organized (1) * Number of similar comments indicated in parentheses.
longer period of time. However, the randomization procedure, use of objective measures of body composition, and assessing changes of potential intervention mediators are improvements over previous studies examining weight gain prevention in this population. The latter feature is especially important in that we identified consistent and expected relationships between the changes in social cognitive theory variables and changes in behavioral and weight status outcomes. This suggests that, while the SCTSR and SCT may not have been successful in universal weight gain prevention, the targeted variables are viable for consideration in developing future interventions for this target population.
Conclusions
To our knowledge, this is first weight gain prevention intervention trial for college freshman, which includes strategies aimed at instilling individual behavior change skills (e.g., self-regulation, self-monitoring, goal setting, financial incentives), as well as physical and social environmental support for healthy lifestyle behaviors. The intervention programs appeared to be well received and feasible to deliver, although knowledge gains did not lead to improvements in weight-related outcomes. Future studies should address program components such as self-regulation strategies and incentives which are effective for this population, while addressing issues related to student's perceived time constraints, program feasibility, and dissemination potential.
